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Yy =-2.03 + 1.0, and SD = 0.239 x 10'2. The abscence of a singularity in

the observed data, {.e. a maximum in M, made fitting difficult since fairly
substantial changes in the parameters caused little change in the quality

of the fit. It is surprising that the observed interaction is apparently

80 much smaller in this compound than in the glycinato analogue since the
contacts between chains are comparable. However,in this compound, the inter-
chain copper-copper distance (5.00‘) is longer than tae intrachain dis-
tance (4.85 i). If the exchange pathway along the clhemical chain is pre-

dominant, then one might expect a linear model to be more appropriate.

To investigate this possibility, the data for Cu(N-sal=a-aiba)H,0 were
comparcd te the linear Heisenberg chain model using the high temperature
series expansion of Baker et 2&.45 Upon truncating the observed data to
those above 4.2K and defining a susceptibility a@s ) = “ob-d/“' a rather

poor fit to the observed data yielded g = 2.05 + 0.04, J = =0.74 + 0.30 anl,
and SD = 0.33 x 10'2. Thus, within the limits of the fitted parameters,

a clear choice of the appropriate model cannot be made. Most likely

neither the pair nor the linear model are truly appropriate since the
structural data suggest that the two exchange pathways are comparable.

It is of interest to compare the possible pathways for the super-
exchange interactions in these compounds. Apparently the large intrachain
distances and a three-atom bridging arrangement make exchange along the
chains quite weak. In the glycinato complex, this intrachain mechanism
leads to very weah interactions, and the ohserved exchange involves super-
exchange through the extensive hydrogen bonds between ions in different
chains. The presence of a "free" water molecule (W2) situated between

chains and the relative orientation of the chelate rings in the glycinato
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complex makes this interchain pathway considerably more favorsble. Thus,

in moderate magnetic fields the magnetic properties of the glycinato com-
pound are readily described by a dimeric model. In contrast, the structural
features of Cu(N-saqu-aiba)-Hzo suggest that the two exchange pathways

are comparable since the intrachain copper-copper distances are longer

and the interchain hydrogen bonds are somewhat weaker than in the glycinato

complex.

CONCLUSION

The observed magnetic properties of [Cu(N-sal-gly)Hzo]O.Suzo
can be readily described by a simple pair model coupling two copper(II)
ions even though on additional higher dimensional pathway is present.
The singlet-triplet splitting of about 4.4 cm-l allows a field induced
ground state change in strong applied fields such that Happlied> 2J/g8.
Increasing deviations from the pair model are observed in strong fields
and very low temperatures, and these deviations can be ascribed to
longer-range interactions among the newly induced ground states of the
antiferromagnetically coupled pairs. Thus, experiments such as cooling
by adiabatic d.-ngnotilntionle-zs should be possible for this complex.
In addition, it should be possible to observe long-range three-dimensional
ordering at very low temperatures over a small range of effective fields
near the singlet-triplet crossing. Recent work on Cu(N03)2°2.5H2026'“8.

whose gross structural features are very similar, has shown that long

range antiferromagnetic ordering does occur at 0.175 K in fields of

about 36 kOe. In Cu(N03)2'2.5H20 two additional exchange pathways
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exist (other than the pair-wise interaction), and the choice between
an alternating chain and spin ladder model cannot be made easily.
The structural differences of [Cu(N-onl-gly)Hzo]O.suzo versus the
nitrate salt are unique in this respect since only one additional
exchange pathway exists, namely the '"obvious' chemical chain.

The situation in [Cu(N-sal=a-aiba)H,0] is more difficult to
describe a combination of subtle structural variations outlined above
apparently has dramatically modified the strength of the magnetic inter-
actions. Thus, while similar paths between chains exist, the intrachain
pathways becomes important because the shortest copper-copper distance
is along this path. Our work cannot make a clear choice between the
dimer and linear chain models. Very low temperatures (< 1K) measure-

ments are required to verify the appropriate magnetic model.
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TABLE I. Selected Structural Dats

2z Cu-Cu Cu=Cu 2' aumber
Space  No. Molecules (ntrachain [nterchain of nesrest
Aaino Acid Group per cell A A neighbors
glycine C2/¢c 8 5.3 3.003 4
a -aminoisobutyric
acid P2)/c 8 4.83 5.00 ~4
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FIGURE CAPTIONS

Figure 1. The generalized molecular structure of the copper Schiff
base chelates derived from salicylaldehyde and a-amino
acids. The oxygen atom marked by an asterisk is the "free'
carboxyl oxygen which propagates the linear chain.

Figure 2. The experimental magnetization versus absolute temperature
(squares) at a constant applied field of 10kOe. The
theoretical curve i; the best fit to Equations (2) and (3) |
with parameters listed in Table II. |

Figure 3. An expanded scale view of the lowest temperature data from
Figure 2.

Figure 4. A sketch of the zero-field exchange energy versus Zeeman
energy for a weakly coupled pair of spins. The exchange
energy, 2J, is negative and the S = 0 state is colinear
with the horizontal axis.

Figure 5. High-field isotharmal magnetization data for the glycinato
complex. The solid lines represent the best fit to Equations
(2) and (3) with the parameters listed in Table 2.

Figure 6. The observed constant field (l10OkOe) magnetization versus
temperature for the a-aminoisobutyrato complex. The theoreti-
cal curve is the best fit to the dimer model in Equation (2)
and (3) (see text for discussion of the parameters).

Figure 7. A projection of the unit cell of the glycinato complex onto

the bc-plane. The bonds which propogate the chains running

parallel to the b-axis are blackened. The labeling scheme




Figure 8.

Figure 9.

23

Figure 7 (cont.)

is that of Reference 36, and W1 and W2 represent the coord-
inated and "free" water molecule, respectively.

A projection of the unit cell of Cu(N-sal-u—aiba)Hzo onto
the bc-plane. Only atoms bonded to copper are labelled.
The two chains which spiral along the b-axis are blackened
and dashed for clarity.

A projection along the b-axis showing the close contacts
established between copper ions in dlf;erent chains. The

free water molecule, W2, lies on a crystallographic two-fold

axis.
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Cu (N-sal=a-AR): H20
AA=glycine, R=H
AA=a-aminoisobutyric acid, R*CI-I3
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